Imidazole-based ionic liquid-supported on SBA-15 (ImIL-Sul-SBA-15) as a novel heterogeneous catalyst was designed, synthesized and characterized by FT-IR, scanning electron microscopy (SEM), transmission electron microscopy (TEM), and Brunauer-Emmett-Teller (BET) analysis. This novel nano structure was used for the synthesis of various 2,3-dihydroquinazoline-4(1H)-one and dihydroisoindolo[2,1-a]quinazoline-5,11-dione derivatives via three-component reaction between isatoic anhydride, amines and aromatic aldehydes at 50 °C in ethanol and water mixture as solvent. We found the synthetic imidazolium ionic liquid sulfonic acid functionalized SBA-15 as a convenient catalyst for this methodology. The catalyst performs the reaction in mild reaction conditions, and can easily be separated from the reaction mixture by simple filtration, with no need to tedious purification steps.
Introduction
The catalysts are notable moiety of very synthetic reactions due to their properties such as decreasing of reaction time and temperature. In addition, the catalytic processes are ecologically sustainable because the catalysts prevent in environmental pollution. In the last decade, several developments were proceeded to design, synthesis and application examination of catalysts for various chemical and pharmaceutical synthetic processes. The heterogeneous catalysts easily separate and recover from reaction mixture. However, these catalysts must have many active sites, good selectivity, recyclability, reusability, and high stability. The efficiency of solid catalysts is increased by great pores with numerous active sites. [1] [2] [3] Mesoporous silica nanoparticles are important due to their porous structure and high surface area. These materials have been used as support for catalysts because of their unique properties. [4] [5] [6] 2,3-Dihydroquinazolin-4(1H)-ones (DHQZs) are important classes of heterocycles and have the broad range of pharmacological and biological properties. These compounds exhibit antiviral, 7 anti-inflamatory, 8, 9 antihistamine, 10 cytotoxic, 11 antibiotic, 12 analgesic, 13 anticonvulsant, 13 antitumor, 11, 13 vasodilatory, 14 antidefibrillatory, 15 antihypertensive activities. 16 According to these wide ranges of pharmacological activities, several synthetic routes have been reported for the preparation of DHQZs. The important method for the synthesis of DHQZs involves the condensation of anthranilamide with aldehydes or ketones using several catalysts such as montmorillonite K-10, 17 gallium(III) 26 and molecular iodine. 27 In addition, the use of three-component reaction between isatoic anhydride, amines and aromatic aldehydes catalyzed by Lewis and Brønsted acid catalysts, is an applicable route for the synthesis of DHQZs. 28, 29 However, most of these methods proceeded by the use of complex and expensive catalysts or media, and have notable disadvantages such as harsh reaction conditions, long reaction times, and low yields. Therefore, the development of a novel and efficient approach to produce DHQZs using efficient catalysts is still desirable. Regarding the advantages of mesoporous silica nanoparticles, in this paper we repost a catalyst based on functionalized SBA-15 by imidazolium ionic liquid sulfonic acid for the synthesis of 2,3-dihydroquinazoline-4(1H)-ones (4a-d) and dihydroisoindolo[2,1-a]quinazoline-5,11-diones (6a-j) (Scheme 1). The catalyst was prepared by the synthesis and functionalization of SBA-15 mesoporous silica nanoparticles. SBA-15 mesoporous silica was prepared via solvothermal reaction of tetraethyl orthosilicate in acidic conditions. After the preparation of SBA-15 mesoporous silica, the nanoparticles were functionalized by sulfonic acid, and finally were treated by methyl imidazole. The preparation steps of the catalyst can be seen in Scheme 2.
Scheme 2. The preparation steps of the catalyst.
FT-IR spectroscopy was used for the determination of the functionalities of the catalyst (Figure 1 The catalyst was characterized by various methods. TEM and SEM microscopy were applied for determining the microstructure, particle size and morphology of the catalyst. The images for TEM and SEM can be seen in Figure 2 respectively. The ordered porous structure of ImIL-Sul-SBA-15 catalyst can clearly be observed in TEM images. In SEM images, the rod like morphology of ImIL-Sul-SBA-15 can be seen. For the determination of the pore size and the size dispersity of the pores of the catalyst, nitrogen adsorption desorption method was used. The results, which are shown in Figure 3 , show the pore size of the catalyst to be 85 nm. As can be seen , the pore size distribution of the catalyst is narrow. The thermal stability of the catalyst was investigated by TGA method. The TGA results can be seen in Figure 4 . A weight loss has happened in about 100 °C, which can be related to the evaporation of the water. In 230-250 °C a sharp weight loss can be observed, which can be correlated to the thermal decomposition of the organic functionalities. It can be observed in TGA results that, the catalyst is stable till 230 °C and no thermal decomposition has been observed in lower temperatures. A comparison between SBA-15 and ImIL-Sul-SBA-15 in Figure 4 shows about 10% of functionalization by weight.
The activity of our catalyst was examined in three-component reactions between isatoic anhydride, amines and aromatic aldehydes for the synthesis of various 2,3-dihydroquinazolin-4(1H)-one (4) and dihydroisoindolo[2,1-a]quinazoline-5,11-dione (6) derivatives. So, the reaction between isatoic anhydride 1, benzylamine 2a and 4-chlorobenzaldehyde 3a, as a model reaction, was investigated in various reaction conditions.
As shown in Table 1 , no product was detected when the reaction occurred at room temperature in the presence of 10 mol% of the ImIL-Sul-SBA-15 in water after 10 h (entry 1). The DHQZ 4 was generated in low yield (33%) by increasing of reaction temperature to 40 °C after 1 h (entry 2). Although, the increasing of reaction temperature to 50 °C led to increasing of the yield of product to 38% (entry 3), more increasing of reaction temperature did not effect on the yield of product (entry 4). Continuously, the effect of amount of ImIL-Sul-SBA-15 was tested and the desired product was generated in 67% yield in the presence of 20 mol% of our catalyst (entry 6). Performing the reaction with higher amounts of catalyst did not lead to higher product yields (entries 7 and 8). Then, we examined the reaction in various solvents (entries 9-16), and surprisingly, it was found that the best yield of product was achieved in the mixture of EtOH:H 2 O (1:1) and EtOH although the reaction led to acceptable yields in DMF and THF (entry 12,13). To show the generality of this new method, the reactions were performed using various amines 2, and aromatic aldehydes 3 with isatoic anhydride 1 in the presence of 20 mol% ImIL-Sul-SBA-15 in 3 mL of EtOH:H 2 O (1:1) at 50 °C. The reactions led to produce the corresponding DHQZs 4a-d in 85-93% yields (Table  2 ). In addition, the reaction between isatoic anhydride 1, amines 2 and 2-carboxyaldehydes 5 was studied under similar reaction conditions and the corresponding dihydroisoindolo[2,1-a]quinazoline-5,11-diones 6a-j was generated in 86-95% yields ( Table 2 ). All the reactions reached to completion within 1 h. The structures of the products 4 and 6 were deduced by IR, 1 H NMR, 13 C NMR and some Mass spectroscopy. All spectroscopic studies are available in supporting information. We suggest that ImIL-Sul-SBA-15 catalyzes the reaction as a mild Lewis acid. A plausible mechanism for the formation of isoindolo[2,1-a]quinazoline-5,11-dione derivatives (6) is depicted in Scheme 3. The nucleophilic attack of amine (2) After completion of the reaction, the precipitate was separated by filtration. The resulting precipitate is mixture of desired product and ImIL-Sul-SBA-15. To separate the products from the catalyst, this solid was washed with EtOH and ImIL-Sul-SBA-15 was remained as solid. A great advantage of this catalyst in this synthesis is simple separability using filtration, which can easily lead to the facile reusability of the catalyst. To study the recyclability of the ImIL-Sul-SBA-15, the reused catalyst was employed for another reaction. We found that, the catalyst could be reused successfully up to 6 times without obvious loss of catalytic activity. The results are presented in Figure 5 . 
Conclusions
In conclusion, we have developed an efficient catalytic approach for the synthesis of various 2,3-dihydroquinazoline-4(1H)-ones (4) and dihydroisoindolo[2,1-a]quinazoline-5,11-diones (6) via reaction between isatoic anhydride 1, amines 2 and aldehydes 3 or 2-carboxyaldehydes 5 in the presence of ImIL-Sul-SBA-15. The reactions were carried out without the use of high temperature, and complex, toxic and expensive catalyst and reagents. The recoverability and reusability of our catalyst, relatively short reaction times and high yield of the products are the other advantages of our protocol. We believe that the success in this process could open the door to the design of diverse reactions and the generation of interesting organic compounds in the presence of our synthetic catalyst.
Experimental Section
General. Solvents, reagents and chemicals were obtained from Merck (Germany) and Fluka (Switzerland) Chemical Companies. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. The IR spectra were obtained on a Nicolet Magna FT-IR 550 spectrophotometer (potassium bromide disks). Nuclear magnetic resonance spectra were recorded on a Bruker FT-500 spectrometers at 500 and 125 MHz instrument using tetramethylsilane (TMS) as internal standard in pure deuterated solvents. Chemical shifts are given in the δ scale in parts per million (ppm) and singlet (s), doublet (d), triplet (t), multiplet (m) and doublet of doublets (dd) are recorded. Mass spectra were recorded on an Agilent Technology (HP) mass spectrometer operating at an ionization potential of 70 eV. Thin layer chromatography was carried out on silica gel 254 analytical sheets obtained from Fluka. Transition electron microscope images were recorded on a Hitachi S-4160. Thermogravimetric analysis of the samples were recorded by TGA Q50 V6.3 Build 189 instrument. SEM image was papered by Hitachi S-4160 (Cold Field Emission). BET Quantachrome ChemBET 3000 was applied for determination pore size analysis.
Synthesis of SBA-15. SBA-15 was prepared according to previously reported method. 31 To a 1-L Erlenmeyer flask were added ethyleneoxide-propyleneoxide-ethyleneoxide (EO-PO-EO) triblock copolymer (18.0 g), DI water (561 g), and concentrated HCl (99.5 g). This mixture was stirred overnight at room temperature to dissolve the polymer template. Tetraethyl orthosilicate TEOS (39.8 g) was added to the solution and stirred for 5 min, followed by stirring at 35 °C for 20 h. A static treatment for 24 h at 80 °C was used to swell the pores. The mixture was decanted to remove most of the solution, and the white solid was filtered with 3 L of DI water, recovered, and dried at 60 °C for 24 h. The white powder was calcined to remove the polymer template using the following temperature profile: (1) heating to 200 °C at 1.2 °C/min, (2) holding at 200 °C for 1 h, (3) heating to 550 °C at 1.2 °C/min, (4) holding at 550 °C for 6 h, and (5) cooling to 200 °C at 1.2 °C/min. Preparation of supported alkyl-sulfonic acid. This product was prepared according to modified method, reported by Ziarani et al. 31 To a solution of 1 g of MPTMS in 10 mL of ethanol and 10 mL of water was added 250 mg of SBA-15. The mixture was sonicated for 15 min and refluxed overnight. The SBA-15 supported thiols (SBA-15-SH) were recovered magnetically and washed three times with 20 mL of water. The recovered SBA-15-SH was oxidized by reaction with 10 mL of 30% hydrogen peroxide in 10 mL of water and 10 mL of methanol overnight at room temperature. The product was recovered magnetically, washed three times with 20 mL of water, and reacidified with 
